Implications of CP violation
Believed to be responsible for the matter-antimatter asymmetry in the universe →Should be more common. The decay of K 0 and B mesons confirm CP violation experimentally. EDM experiments are part of search for new sources of CP violation. The Standard Model contains a mechanism for handling the CP violations that occur with EDMs, but the EDMs predicted are negligibly small. One of the possible extensions of the standard model, Supersymmetry, predicts EDMs that are much larger and within current experimental limits.
Basic idea: Apply an electric field E and a magnetic field B to the sample and then look for effects. The Hamiltonian (total energy) of the system is: In the parallel case, the Larmor frequency is given by:
and the antiparallel case is:
Thus, if we calculate the difference between the two measured frequencies, we can determine d:
Atoms, like 199 Hg, with nuclear spin ½ and no net electronic spin are less susceptible to some undesirable systematic effects. We can replace F in the above equation with ½, giving us: ∆ω = .
h Ed 4
Experimental Setup When looking at the apparatus used to detect EDMs, there are two main sections, the "pink elephant" and the laser cavity:
Apparatus Schematic Above is the entire apparatus. The "pink elephant" section is the large cylinder on the left and the laser cavity is on the right.
Optical Pumping 199 Hg atoms have ±½ nuclear spin. Must align them one way.
A circularly polarized ultraviolet laser with λ=254 nm excites a transition in only spin -½ atoms, which can then relax into either spin state. An infrared laser with λ=1016 nm goes through two frequency doubling cavities to output an ultraviolet laser.
The laser beam passes through a λ/4 wave plate to circularly polarize it and an optical chopper rotating at the Larmor frequency. In order to measure φ , must measure the intensity:
where α is angle of polarizer, relative to non-rotated light. Intensity decreases exponentially as it varies sinusoidally.
Linearly polarized laser light passes through the cells and is rotated by angle:
where τ is the beam coherence time. Most likely due to small spark that magnetizes some material → greater B-field (in same direction as applied B-field) increases Larmor frequency like an EDM would.
